SUMMARY Previous studies in a population of 721 children aged 2-14 years demonstrated the familial aggregation of blood pressure in children, and a significant regression coefficient (b = 0.25) of follow-up on initial blood pressures over a four-year period. Urinary kallikrein concentration (UKal) also aggregated in families, was lower in black than in white children and was inversely related to blood pressure.
Further studies in the same cohort have been conducted. These variables were again measured in 484 children in 129 families seven to eight years after the initial blood pressure and three to four years after the original UKal measurements were made.
Familial aggregation again was found for blood pressure and urinary kallikrein. Blood pressure tracking was demonstrated by the finding that blood pressure scores at the third survey were related significantly to those at both previous surveys.
Kallikrein concentrations in casual urines at Survey 3 were related to those obtained at Survey 2 (r = 0.499), and were again significantly lower in black than in white children (log = 3.84 ± 0.8 vs 4.37 ± 0.7; P < 0.001). There were significant inverse relations between UKal/creatinine concentration and blood pressure in both white and black children.
Thus, familial aggregation of blood pressure, blood pressure rank and concentration of kallikrein in casual urine specimens are relatively stable in children over an eight-year period of observation. This study demonstrates in a free living population of normal children, a stable relation between blood pressure and an enzyme which is involved in the production of potent vasodilator peptides and is related to hypertension in adults.
STUDIES IN ADULTS have suggested that blood pressures are not only familially aggregated, but that blood pressures obtained in early adulthood are predictive of pressures attained later in life; that is, that relative blood pressure rank tends to be stable in successive surveys." 2 In order to determine if these characteristics of adult blood pressures were also present in childhood, a study of blood pressures was begun in 1967 in families of children aged 2-14 years. 3 This study reported that blood pressures were familially aggregated in children with correlation coefficients similar to those found in adults. These findings were confirmed in several other populations.4 6 A second survey of the original cohort of children four years later showed that familial aggregation of blood pressure persisted and that there was a significant positive relation between the blood pressures obtained in the initial and follow-up surveys. 7 Possible biochemical correlates of the blood pressure status of the children were sought. Several systems and biochemicals are related to the maintenance of systemic arterial pressure, including the renin-angiotensin-aldosterone axis, the central and sympathetic nervous systems and, perhaps, prostaglandins and kinins.8 Because measurement of the activity of these systems often requires blood samples and expensive methodology, we searched for a urine component that might be useful in the study of blood 908 CIRCULATION pressure in children. Urinary kallikrein, a renal enzyme which attacks an alpha-globulin substrate to produce kallidin, a potent vasodilator kinin, was studied because urinary kallikrein excretion can be decreased significantly in untreated adults with essential hypertension.91-In the first follow-up survey of the children of the present test population, we demonstrated that urinary kallikrein concentration was aggregated in families, was markedly lower in black than in white children, and was inversely related to blood pressure.12 These conclusions were based on measurement of kallikrein concentrations in single voided urine specimens from 601 children. Because of the obvious limitations of basing these conclusions on a single casual urine specimen, we have reexamined these findings three to four years later in the same children. In addition, timed urine collections were obtained from a subsample of this population in order to relate data based on casual kallikrein determinations with those obtained with timed samples.
Materials and Methods
In the first survey in 1967-1968, blood pressures were taken in the homes of 721 children in 190 families. In the second survey in 1971-1972 we found 609 of these children, representing 163 families. The present study is a third survey of this population, and was completed in 1975. As before, families were visited in their homes and blood pressures were obtained. A total of 484 children in 129 families were examined. Of the 484 children, 365 had blood pressure recordings at all three surveys. Blood pressures of the mothers also were measured at the home visit.
Blood Pressure Determinations
As in the previous studies, blood pressures were measured using the Kass-Mollo-Christensen automated blood pressure recorder, which minimizes observer error. ' Ten families were selected, on the basis of their availability for further study, from the highest or lowest blood pressure or kallikrein groups at the 1972 survey. None of these families happened to contain clinically hypertensive individuals (blood pressures greater than 140/90 mm Hg). These 10 families were visited in their homes, and timed urine collections were obtained to estimate hourly excretion rates of urinary kallikrein. Blood pressures also were measured at these visits.
Statistical methods included analysis of variance, contingency table analysis and simple and multiple regression analysis.
Results

Blood Pressure Data Distribution
The distribution of blood pressures by age and sex for the population at the third survey is presented in figure 1 . Three children were outside the age range shown and were not included in figure 1 . As in the previous surveys, blood pressure rises with age for both sexes. In the third survey 295 (61%) of the children were black, 183 (38%) were white and six (1%) were classified as other race. There were no significant differences in blood pressures by race at any age at any of the three surveys of this population.
The pooled mean blood pressures over the three surveys by age and sex are presented in tables 1 and 2. These tables show the increase in blood pressure with age. Systolic blood pressure is slightly higher in adolescent boys than girls. As seen in table 3, the increase in systolic pressure during the eight-year inter-MEAN BLOOD PRESSURE -I--a' BP ± S.E.M.
--i--9 BP±S.E.M. at all three surveys were slightly older initially than those who remained in the study (mean initial age = 9.05 ± 3.3 years vs 7.42 ± 2.8 years; P < 0.001). These changes over eight years probably reflect increased mobility of the older children and increased movement away from the Boston area. It is unlikely that these small differences affect the data and conclusions to be presented.
Familial Aggregation
As in the first two surveys, analysis of variance of blood pressure scores (table 4) Second, the relation between blood pressures obtained at any two surveys was analyzed using 3 X 3 contingency tables and the chi square test (tables 6 and 7). Table 6 shows that higher initial systolic pressures were associated with higher observed pressures at Survey 3 and that lower initial pressures were associated with lower observed pressures at Survey 3 Third, the capacity of blood pressures obtained at the first two surveys to predict blood pressures at the third survey was studied using multiple regression analyses (table 8) . Both earlier surveys are significantly predictive of systolic pressures obtained at the third survey, although the effect of the second survey is greater than that of the initial survey. Similar data were obtained for K4 diastolic pressure (partial regression coefficients for Survey 1 = 0.132; P = 0.023; for Survey 2 = 0.255; P < 0.001).
These three methods which analyze the same data all show that blood pressure tracking is demonstrated in childhood.
Urinary Kallikrein Studies
Because of the known variability of urine collections and because of the inverse relation of this en- (table 9) , and black children again had significantly lower urinary kallikrein concentrations than did white children (table  10) . Nine variables significantly affected urinary kallikrein at the third survey (table 11) . These included urinary creatinine, urinary potassium, race, the mother's kallikrein/creatinine ratio, the presence of maternal hypertension under treatment, season, time of day, sex and the mother's systolic blood pressure. These variables accounted for 39% of the variability of urinary kallikrein concentration in these children. When mothers' variables were excluded, log urinary kallikrein concentration was inversely, and weakly, related to log urinary sodium concentration in the multiple regression equation (b = -0.145, P = 0.04).
At the extremes of the population, urinary kallikrein concentration adjusted for urinary creatinine concentration was inversely related to blood pressure (table 12) . Mean systolic blood pressure in S.D.U. was significantly higher in those white families whose mean log kallikrein/creatinine was at the lowest 10% than in those white families in the highest 10% of distribution of log kallikrein/creatinine. Similarly, K4 diastolic blood pressure was significantly higher in those black families whose log kallikrein/creatinine was at the lowest 20% compared Although the number of children studied with kallikrein excretion rates was too small to allow exclusion of the racial effect in the analysis, the 20% of children with the highest systolic blood pressures had lower urinary kallikrein excretion than the 20% with the lowest systolic blood pressure (0.193 ± 0.114 vs 0.411 ± 0.228 E.U./hr, 0.05 < P < 0.1). At the 20% The present data also show a significant increase with aging of the population in the strength of the relation of initial to later blood pressures (table 5) . Recent further analysis of this trend, using data obtained in longitudinal studies of blood pressure in adults, indicates that the tracking coefficients increase with age, reaching the adult level of about 0.6 by age 20. 20 The factors that account for the increasing tracking correlation with age obviously require substantial study, and would seem to reflect some degree of environmental influence.
The role of the kallikrein-kinin system in the pathogenesis of any form of hypertension is unknown. The present observations indicate that urinary kallikrein concentrations in casual specimens are reproducible over a three-year period in a population of normal children. In addition, the observation of familial aggregation of urinary kallikrein concentration in childhood is repeatable. It is likely that these findings would be even stronger if variations in urinary volume and concentration had been controlled.
Two surveys in this population have shown that urinary kallikrein concentration is significantly lower in black children than in white children.'2 Nevertheless, no racial differences in blood pressures could be found at any ages studied. However, at the extremes of the population an inverse relation of urinary kallikrein concentration and blood pressure was clearly demonstrated in this as in the previous survey (table 12) .12 In addition, a smaller group of children at the extremes of kallikrein concentrations or blood pressures at the previous survey were reexamined for kallikrein excretion rates. The black children again had lower urinary kallikrein than the white children. Also, there was a trend for these black children with low urinary kallikrein to have higher systolic blood pressures than those white children with higher urinary kallikrein.
It has been shown recently that black adults have significantly lower kallikrein excretion rates than white adults." In addition, kallikrein excretion is less responsive to the stimulus of sodium depletion in black hypertensive adults than in black or white normotensive or white hypertensive adults.2' Collectively, the studies of urinary kallikrein in black and white adults and children indicate a racial correlate to urinary kallikrein concentration.
Although urinary kallikrein excretion may reflect the level of activity of that enzyme within the kidney,22 it has not been determined if different levels of excretion of the enzyme are related in any way to specific aspects of kidney function or, of course, to the prevalence of hypertensive diseases in the white or black populations. However, blood pressures in populations of black adults are higher than in white adults, though no such difference has been demonstrated consistently for black vs white children. [23] [24] [25] [26] [27] In this context, the observations presented here raise questions about possible genetic or other differences in urinary kallikrein excretion and the relation of this finding to the pathogenesis of essential hypertension.
It is not possible from these data to predict that children with low urinary kallikrein levels and/or high blood pressure for their age and sex groups will be at risk of developing hypertensive diseases in later life. However, these data do indicate that blood pressure tracking begins in childhood, that urinary kallikrein is, in general, inversely related to blood pressure in children, and that black children have lower urinary kallikrein levels than white children.
